In this work, we present cytogenetic data for the land planarian Dolichoplana carvalhoi. Two different karyotypes, one diploid (2n = 2x = 14 chromosomes) and one triploid (2n = 3x = 21 chromosomes), corresponding to two morphological body patterns, are described. Chromosomes from regenerating blastema were studied after routine Giemsa staining and CBG banding. Our analyses revealed heteromorphisms in chromosomes 2, 3 and 4 of the diploid karyotype and in chromosomes 1, 3 and 7 of the triploid karyotype. Further studies are needed in order to determine if the two morphological patterns of D. carvalhoi represent distinct species.
Introduction
Planarians (Platyhelminthes, Seriata, Tricladida) are hermaphrodite, free-living and primarily carnivorous flatworms. They have remarkable capacity of regeneration. Nowadays, the suborder Tricladida is divided into four infraorders: Cavernicola, constituted by a group of five freshwater species, four of them living in caves; Maricola, to which sea planarians pertain; Paludicola, represented by freshwater planarians; Terricola, to which land planarians pertain.
A large number of numeric chromosome alterations, specially polyploidies, have been reported in Paludicola contrasting with the reduced chromosome variability observed in Cavernicola, Maricola and Terricola.
About 20 out of 80 freshwater species cytogenetically studied showed one or more types of polyploid cells. Triploidy has already been reported in the following Paludicola species: Dugesia benazzii (Benazzi-Lentati, 1966) , D. brigantii (Puccinelli and Benazzi, 1985) , D. gonocephala (De Vries, 1986) , D. iberica (Gourbault, 1981) , D. japonica japonica (Tamura, 1986) , D. j. ryukyuensis (Oki et al, 1981) , D. subtentaculata (De Vries, 1986) , D. tigrina (Ribas et al, 1989) , Phagocata vitta (Dahm, 1964) , Polycelis auriculata (Teshirogi et al, 1991) and P. tenuis (Le Moigne, 1962) . In Cavernicola, the only case of triploidy was described in Rhodax sp (Kawakatsu et al., 1985) and no numeric chromosome variation has been detected in Maricola so far.
In contrast to the large number of cytogenetic studies performed in freshwater planarians, only 16 land species have already been analyzed. Only three out of the 206 species of Rhynchodemidae have been cytogenetically studied: Microplana mahnerti, with 2n = 10 chromosomes (Minelli, 1977) , Microplana terrestris, with 2n = 6 chromosomes (Ball and De Vries, 1983) and Platydemus manokwari, with 2n = 12 chromosomes (Oki et al., 1988) .
Polyploid cells were found in two Terricola species: Geoplana burmeisteri and Pasipha pasipha (Garcia et al., 1998; Alvarez and Almeida, 2002) . Specimens of Microplana terrestris with aneuploid cells have been described (Ball and De Vries, 1983) .
In the present study, the karyotypes and distribution patterns of constitutive heterochromatin of the land planarian Dolichoplana carvalhoi are described for the first time. The specimens studied were collected in Brazil, where this species was introduced (Froehlich, 1967) . The analyzed specimens presented two morphological patterns, corresponding to diploid and triploid karyotypes. Heteromorphisms were found in both kinds of karyotypes and this is the first report of triploidy for a land planarian species.
Materials and Methods
Specimens of D. carvalhoi with two different patterns of body morphology were cytogenetically analyzed. The individuals of type 1 pattern showed five brownish dorsal stripes, with only one internal stripe. The specimens of type 2 had the same pattern reported in the original description of the species (Corrêa, 1947) . They had three pairs of dorsal stripes. The internal pair was reddish and thinner than both the middle and the external stripes, which were similar in width and brownish. Eight of the twelve specimens collected in different regions of São Paulo State were of the morphological pattern 1, whereas four were of pattern 2 (Table 1) .
Five pattern 1 specimens collected in the city of São Paulo asexually produced two individuals each, totaling 13 individuals with pattern 1. One pattern 2 individual collected in the city of São Paulo asexually originated four individuals. Thus, a total of seven animals with pattern 2 were studied. Two pattern 1 specimens had gonopores, whereas no pattern 2 specimen showed this structure.
Mitotic chromosome preparations from regenerating blastema cells were obtained by the air-drying technique as previously described (Almeida et al., 1991) . Metaphase chromosomes were analyzed after Giemsa staining, and C-banding was performed according to Sumner (1972) . Karyometric analyses were performed and chromosomes were morphologically classified according to Levan et al. (1964) .
Results

Karyotype of morphotype 1
A total of 365 mitotic metaphases obtained from 17 regenerating blastemas of 13 pattern 1 individuals were analyzed. The karyotype showed 2n = 2x = 14 chromosomes and comprised five metacentric (1, 4 to 7), one submetacentric (2) and one subtelocentric (3) chromosome pairs (Table 2, Figure 1a) .
The C-banding patterns revealed the presence of constitutive heterochromatin in the pericentromeric regions of all chromosomes and also in telomeric and interstitial positions in some of them. All the specimens analyzed showed C-banding heteromorphisms in chromosome pairs 2, 3 and 4. The pericentromeric block of heterochromatin is clearly larger in chromosomes 2a and 4a than in chromosomes 2b and 4b. Chromosome 2b showed a telomeric and an interstitial C-band in the short arm, which are absent in chromosome 2a. Regarding pair 3, the proximal C-band of the long arm is more distal in 3b than in 3a (Figures 1b, 2 and 5a ).
Karyotype of morphotype 2
A total of 311 metaphase cells obtained from 26 regenerating blastemas from seven morphotype 2 specimens were studied. The karyotype presented 2n = 3x = 21 with metacentric (1, 4 to 7), submetacentric (2) and subtelocentric (3) chromosomes. Chromosome 1 was heteromorphic in size and morphology and the triplet was comprised by two larger metacentric (1a) and a smaller submetacentric chromosome (1b). The triplet of chromosomes 3 376 Alvarez and Almeida showed a size heteromorphism being composed of one larger (3c) and two smaller chromosomes (3d). Chromosome 3d was similar in size to 3a and 3b of the diploid karyotype (Table 3 , Figures 3a, 4 and 5b). C-bands were detected in the pericentromeric areas of all chromosomes and in the telomeric and interstitial regions of some of them. All the specimens analyzed presented constitutive heterochromatin heteromorphisms in chromosomes 3 and 7. Chromosome 3a showed an evident terminal block of heterochromatin in the long arm, which was absent from 3b. Chromosome 7b showed a distal C-band in the long arm, which did not occur in 7a ( Figures  3b, 4 and 5b).
Discussion
We report herein for the first time the chromosome complement of Dolichoplana carvalhoi. Two karyotypes were detected: a diploid karyotype (2n = 2x = 14 chromosomes) and a triploid karyotype (2n = 3x = 21 chromosomes), which corresponded to specimens with distinct body patterns that were called type 1 and 2, respectively. This is the first description of triploidy in a land planarian species, contrasting with the numerous reports of this kind of euploidy in Paludicola.
After conventional staining, the basic chromosome set (x) of both karyotypes (2x and 3x) were similar. However, in the triploid karyotype a morphological and size heteromorphism, possibly due to chromatin loss or addition in the short arm, was observed in chromosome 1. Positive C-bands enabled the identification of heteromorphisms in chromosomes 2, 3 and 4 of the diploid and in chromosomes 3 and 7 of the triploid karyotypes.
In the diploid karyotype, the C-banding differences in the short arm of chromosome 2 and in the long arm of chromosome 3 could be explained by paracentric inversions. Such an inversion would have changed the position of a part of the constitutive heterochromatin from the pericentromeric region of chromosome 2 (evident in the chromosome 2a) to the telomeric region of the short arm of chromosome 2b. The constitutive heterochromatin heteromorphisms in the interstitial band of the short arm of chromosome 2 and in the pericentromeric region of chromosome 4 could be explained by heterochromatin additions/deletions.
Chromosomes 3c/3d and 7a/7b of the triploid karyotype differed in relation to their heterochromatin content, which may be due to constitutive heterochromatin additions/deletions.
All the diploid and triploid specimens studied, which were collected in different areas, displayed the same karyotype and the same heteromorphisms. Therefore, these karyotypes seem well-established. Chromosomes of three pairs of the diploid karyotype (3a/3b, 4a/4b and 5a) were not represented in the cells of the triploid individuals. Chromosomes 1a and 7a are doubly present in the diploid and triploid individuals. It is thus possible that the triploid spec- imens originated from the fusion of a diploid gamete from a type 1 morphology animal with a haploid gamete of an individual of the same species, but with differences in some chromosomes. After the origin of the triploid animal, additions/deletions of constitutive heterochromatin would account for the differences observed in chromosomes 3, 4 and 5. The absence of gonopores in all the specimens with morphological pattern 2 indicates that these animals only reproduce asexually by architomy, and never sexually with cocoons deposition. This may explain how triploidy became fixed in the populations. Sexual reproduction would only be possible in polyploids with even chromosome numbers because polyploids with odd chromosome numbers are usually sterile due to meiotic irregularities (White, 1978) .
It is important to emphasize that some species of freshwater planarians show polyploidy accompanied by pseudogamy. In the triploid form of Dugesia benazzii (2n = 3x = 24) the cells of the female germ line undergo a chromosome duplication and become hexaploid. Such cells undergo a normal meiosis originating triploid gametes that give rise to triploid individuals through a pseudogamic development (Benazzi-Lentati, 1966) . Thus, triploidy is not exclusive to asexually reproducing planarians.
The data herein presented show remarkable karyotypic differences between the specimens of Dolichoplana carvalhoi with the two morphological body patterns. It is possible that these two morphological types correspond to two different species, but further studies are needed in order to confirm this hypothesis. 
